Abstract: The aim of this study was to assess the accuracy of clinical diagnosis for lip lesions based on sensitivity and specificity. The retrospective analysis focused on the detection of lesions caused by potentially malignant disorders (PMDs) and malignant lesions (n = 1195). All cases were classified as benign, PMD, and malignant lesions. Concordance between diagnoses based on clinical examination and those based on histopathological analysis was assessed, and accuracy for the identification of PMD and malignant lesions was calculated. Histopathological analysis revealed 44 lesion types; PMD and malignant lesions comprised 8.3% of all cases. Compared with histopathological analysis, clinical examination showed 97.4% accuracy for the identification of non-malignant and potentially malignant/malignant cases. Degrees of specific sensitivity ranged from 34% to 77% for different lesions, and were highest for autoimmune (77%) and reactive (72%) lesions. Positive and negative predictive values for the identification of PMD and malignant lesions were 81.9% and 98.9%, respectively. Clinical examination showed a high degree of accuracy for the detection of PMD and malignant lip lesions, indicating good reliability.
Introduction
The burden of oral and nasopharyngeal cancer is importunate, as more than 48,000 new cases and 9,500 deaths are estimated to occur in the US alone in 2016. 1 In 2012, an estimated 387,000 new cases and more than 196,000 deaths due to this cancer occurred worldwide. 2 Between 1979 and 2002, more than 78,000 deaths due to oral and nasopharyngeal cancer were recorded in Brazil. 3 The average 5-year survival rate for cancer at these sites is 63.2%. 4, 5, 6 This estimate has increased over the past few decades, and ranges from 37% and 83%, depending on location and stage at the time of diagnosis. of cancer in the oral cavity and pharynx in the UK were located in the lips. 10 Although this form of the disease is associated with favorable 5-year survival rates, ranging from 52% to 93%, 10, 11 the early diagnosis of such cases is of concern.
12, 13 The reported prevalence of malignancy among lip lesions ranges from 12% to 21%. 14, 15 In addition, despite the favorable survival rates for lip cancer, the consequences of surgical resection are important factors that can impair quality of life. 16 Conventional clinical oral examination has long been the standard method for the assessment of oral lesions, including those caused by potentially malignant disorders (PMDs), and for oral cancer screening. 17, 18 Clinical evaluation of the lip region is facilitated by the anatomic location. However, oral examination alone is not sufficient for the detection and accurate distinction of benign, PMD, and malignant lesions. 19, 20 Clinical screening followed by histopathological analysis is crucial, given the estimated annual number of new lip cancer cases worldwide and the wide range of lesions that occur in this location. 21, 22 Biopsy, paired with clinical examination, is recommended for final diagnosis; in addition, this approach is recommended when lesions persist despite treatment or the removal of local irritants (of traumatic or inflammatory origin), when lesions do not recede in 2 weeks, when malignancy is suspected, and when lesions interfere with function or impair aesthetics. 23 The rate of concordance between clinical and histopathological diagnoses of oral lesions ranges from 36% to 50%. 24, 25, 26, 27 In contrast, a few studies have reported high degrees of sensitivity and specificity, and high positive predictive value, of clinical oral examination for the detection of malignancies, 28, 29, 30 indicating that the initial clinical evaluation is reliable for the early detection of malignant and PMD lesions. More importantly, clinicians' decision making following such examination can be supported by knowledge of diagnostic accuracy. To our knowledge, no study has assessed the diagnostic accuracy and predictive value of PMDs and malignant lesions with a focus on the lip region.
The aim of this study was to determine the diagnostic accuracy of lip lesions in a retrospective analysis of clinical and histopathological aspects and distribution of lip lesions in a large sample of patients.
Methodology Study design and sample
This retrospective study was conducted using data from the Department of Oral Pathology of the School of Dentistry, Federal University of Rio Grande do Sul (UFRGS), Porto Alegre, Brazil. Private and public dentists, and predominantly undergraduate and graduate students of the institution, submit specimens to the laboratory for histopathological examination. In addition, the laboratory receives samples obtained for research purposes via experimental studies conducted at the school. Data on lip biopsy specimens recorded between 1946 and 2011 were retrieved from the laboratory. Data on patients' demographic characteristics (sex, age, and ethnicity), clinical data (location and diagnostic hypothesis), and histopathological (final) diagnoses were collected.
Outcome classification
Self-reported ethnicity was classified using the terms "white," "brown," and "black." The location of lip lesions was classified as lower lip, upper lip, commissure, and not specified. Lesions located on the internal parts of the lips were also included. For clinical and histopathological diagnoses, lesions were divided into seven groups: disorders of epithelial maturation (G1), autoimmune lesions (G2), reactive lesions (G3), infectious lesions (G4), benign neoplasms (G5), malignant neoplasms (G6), and other (G7). For further analyses, all lesions were divided into three groups: benign (G1-G5, G7), PMD (part of G1), and malignant (G6). More specifically, lesions with histopathological diagnoses of actinic cheilitis and cases of epithelial dysplasia (initially assigned to G1) were placed in the PMD group. 31 The final outcome classification was based on histopathological diagnoses.
Statistical analysis
Data were analyzed using the Statistical Package for the Social Sciences (SPSS; version 20 for Macintosh; SPSS Inc., Chicago, USA). The individual was used as the unit of analysis, and the significance level was set at 5%. Demographic, clinical, and histopathological data were evaluated by the sensitivity test and Fisher's exact test. Diagnostic accuracy was calculated based on the sensitivity, specificity, likelihood ratio, and predictive value; the final classification of diagnoses (benign, potentially malignant, and malignant) was used for this assessment. The cutoff values used to interpret sensitivity were >80% (excellent), 70-80% (good), 60-69% (fair), and <60% (poor); those used for specificity were >90% (excellent), 80-90% (good), 70-79% (fair), and <70% (poor). 32 
Ethical approval
The use of human subject data followed the ethical requirements of, and was approved by, the Institutional Review Board of UFRGS.
Results

Sample
UFRGS's Laboratory of Oral Pathology received a total of 1195 lip biopsy specimens from 1946 through 2011; all were included in this study. Overall analysis showed that 44 histopathological lesion types were recorded. Table 1 shows the distribution of lesions within groups according to anatomic location, and patients' sex and age.
Frequency and demographic distribution
A slight majorit y (53%) of lesion samples were from women. The average patient age was 36.2 years (standard deviation, 20.6 years; range, 3 months-96 years). In the first two decades of life, lesions were more prevalent in women; thereafter, the distribution of lesions did not differ according to sex. The majority of lesions (n = 840, 70.4%) were from white individuals. The majority (n = 699, 58.6%) of lesions were reactive, followed by benign neoplasms (n = 238, 19.9%), disorders of epithelial maturation (n = 138, 11.5%), malignant neoplasms (n = 56, 4.7%), others (n = 35, 2.9%), infectious lesions (n = 20, 1.7%), and autoimmune diseases (n = 9, 0.7%; Table 1 ). The most prevalent reactive lesions were oral mucoceles (n = 453, 37.9%) and those characterized by inflammatory hyperplasia (n = 167, 14%). The most common benign neoplasms were fibromas (n = 108, 9%), papillomas (n = 51, 4.3%), and hemangiomas (n = 36, 3%). Forty-seven (3.9%) malignant neoplasms were diagnosed as oral squamous cell carcinoma (Table 1 ). Figure 1 shows the distribution of lesions according to histopathological type and age group.
The most common lesion location was the lower lip (n = 915, 76.6%), followed by the upper lip (n = 134, 11.2%) and the commissure (n = 70, 5.8%). On the lower lip, 49.1% (n = 587) of lesions were reactive, followed by benign neoplasms (n = 151, 12.6%). The same pattern was observed for the upper lip (reactive lesions: n = 62, 5.2%; benign neoplasms: n = 39, 3.3%). Fibromas were the most prevalent lesions on the commissure (n = 19, 1.6%; Table 1 ).
Seventy-seven (8.3%) cases were diagnosed as malignant or PMD lesions, based on histopathological analysis. The majority of patients diagnosed with malignant lesions were in their fourth (20.4%) and fifth (32%) decades of life ( Figure 2 ). The lower lip was the predominant site of PMD (n = 36, 76.6%) and malignant (n = 43, 76.8%) lesions.
Sensitivity of clinical diagnosis for all lesions
Sensitivity values for all lesion groups are presented in Table 2 . For this analysis, we treated all cases of missed clinical diagnosis under the assumption that the clinicians who performed the biopsies had no diagnostic hypothesis. Sensitivity values were greatest for autoimmune and reactive lesions (77% and 72%, respectively). Table 3 shows the distribution of clinical diagnostic hypotheses and final histopathological diagnoses stratified by malignant, PMD, and non-malignant lesions. No clinical diagnosis was recorded for 185 (15.5%) cases, and two diagnostic hypotheses (differential diagnosis) were recorded for 18 (1.5%) cases. After the exclusion of cases with descriptive histopathological diagnoses and those with no clinical diagnostic hypothesis, the concordance between the provisional and final diagnoses was calculated: these values were 88.3% for PMD and malignant lesions and 98.2% for non-malignant lesions (p < 0.001; Table 4 ). 
Accuracy of clinical examination for diagnosis of PMD and malignant lip lesions
In the analysis of whether initial clinical screening was accurate for PMD and malignant lesions, we excluded cases with descriptive histopathological diag noses and those with m issi ng cli n ical diag noses. The sen sit ivit y (88.3%), specificity (98.2%), and accuracy (97.4%) of clinical diagnoses of PMD and malignant lesions combined, obtained by comparing provisional clinical diagnoses with final histopathological diagnoses, were excellent (Table 5) .
Discussion
This study is the first to assess the accuracy of clinical diagnoses of PMD and malignant lip lesions. It is also the largest epidemiological study to date of clinical and histopathological data from benign and malignant lip lesions. Our sample was composed of a wide range of lesions with different etiologies; lesions were predominantly reactive and inflammatory. Clinical diagnosis of autoimmune and reactive lesions showed a high degree of sensitivity. More importantly, clinical examination showed a high degree of accuracy and high predictive value for the diagnosis of PMD and malignant lip lesions. These findings strengthen the evidence supporting immediate biopsy and histopathological examination in cases of suspected malignancy. Conversely, they suggest that follow up is sufficient for cases with no suspected malignancy. Although these results are promising, they should be interpreted with caution, given the biases inherent to this cross-sectional retrospective study (e.g., population selection, high degree of interexaminer variability). Rega rd less of a n atom ic reg ion, cl i n ica l examination is usually not sufficient for accurate diagnosis; histopathological examination is essential for appropriate clinical decision making. 22, 23 Several studies 15,17,18 of oral lesions have been based only on clinical data, with no report of histopathological characteristics. Microscopic evaluation is understood to be required to establish the final diagnosis and, thus, the appropriate treatment in all cases of PMD and malignant lesions. 19, 20 In many clinical cases, the lines dividing diagnoses of benign, PMD, and malignant lesions are very thin; clinicians face the challenges of formulating diagnostic hypotheses and predicting which PMD lesions will progress to malignancy. 33 A recent systematic review assessed the diagnostic accuracy of adjunctive tests combined with oral examination for oral cancer; due to the overall poor quality of studies included, the authors failed to identify a replacement for biopsy and histological assessment for final diagnosis. 34 However, the accuracy of initial clinical assessment of lip lesions observed in this study suggests that this type of examination alone can be reliable. The study results further suggest that periodic follow up is appropriate in cases with no suspicion of malignancy. These findings are very valuable, given that initial examination is performed at the primary care level in various scenarios. 35, 36 These findings, however, should be interpreted with caution, as many factors, such as training and 37 These factors were not considered in this study.
Cancerous lip lesions are often preceded by noticeable changes in the oral or lip mucosa, also known as PMD; this process allows clinicians to detect and effectively treat lesions in the early stages of oral carcinogenesis. 38 The high degree of accuracy and high positive and negative predictive values (81.9% and 98.9%, respectively) for clinical diagnosis of PMD and malignant lip lesions in this study reflect clinicians' ability to discern the nature of these cases correctly. The overall accuracy and sensitivity of clinical diagnosis found in this study are greater than reported in previous studies, 20, 26 but this difference must be interpreted with caution, given that our sample included only lip lesions. On the other hand, the sensitivity of clinical diagnosis of malignant lesions and disorders of epithelial maturation separately was lower (57% and 52%, respectively). Final histopathological diagnoses were classified as missing in more than 100 cases due to missing information about lesion location and characteristics or failure to follow standard recommendations for biopsy. This has been reported previously, 21 and, we stress the importance of a good standard biopsy procedure for histological assessment to avoid incomplete diagnosis and/or misdiagnosis.
This study adds to the body of evidence regarding the distribution of lip pathologies in all age groups. Two previous studies assessed the frequency of lip lesions using histopathological data.
14,39 A study conducted in Brazil 14 involved the retrospective analysis of clinical and histopathological data from 1034 lip lesions diagnosed over a 5-year period in five pathology centers. The authors reported no sex predilection and an age range encompassing the first through the ninth decades of life. Most (59.5%) lesions were reactive or inflammatory, followed by malignant (21.7%) and benign (19.1%) tumors. The most common lip lesion was mucocele (28.4%), and the lower lip was the most commonly affected region. 14 Our results corroborate these findings with respect to the absence of sex predilection, the wide age range, and the predominance of mucocele and lower lip location. Although we also found that reactive lesions were most common, they were followed in occurrence frequency by benign tumors and disorders of epithelial maturation. Other authors have described similar clinical findings, 15, 39, 40 but the studies are marked by important methodological variations (e.g., sample size, inclusion of only benign lesions).
The present findings are derived from the analysis of records collected over a 65-year period in an oral pathology diagnostic service, which receives specimens from the public health system and private practitioners, as well as from students supervised by oral pathologists and oral surgeons. We could not assess exposure to risk factors, such as tobacco use, alcohol consumption, and UV radiation, as patient records contained no such information in most older cases. Furthermore, we lacked information about biopsy type. Nevertheless, as oral lesions are usually small, excisional biopsy is performed as definitive treatment in most cases. 22 In addition, data on the year of sample collection and analysis were not accessible. An important factor that should be taken into account is that much has changed in the diagnostic sciences over the study period, creating a potential source of bias.
In this retrospective analysis of data from a representative population with lip lesions, we calculated the specificity and sensitivity of clinical examination of lip lesions. Considering the cross-sectional and retrospective nature of this study, we emphasize the need for largescale prospective studies with consecutive subject recruitment to further examine the accuracy of the clinical diagnosis of oral lesions.
Conclusion
Clinical examination of the lips showed a high degree of accuracy for the detection of PMD and malignant lesions, indicating good reliability.
